Lake Fert6/Neusiedler See is a steppe lake situated on the Hungarian-Austrian border with a surface area of 309 km 2. It is an extremely shallow lake with regulated outflow. 54% of the whole lake and 85% of the Hungarian part (75 km 2) is covered by reed. There are numerous reedless areas (inner ponds) of variable size within the reed belt, which is enmeshed with canals connecting the inner ponds with the open water areas. Fundamental differences were recorded in the water chemistry of the three water type areas, open water, canals and inner ponds. The degree of these differences is basically determined by the distance from the open water areas and the water level of the actual years. An extremely high, an average and an extremely low water level year was examined, in order to present the spatial and temporal differences in the water chemistry of the investigated water bodies. Differences due to the water level fluctuation between years in the three different water types are discussed on the basis of electrical conductivity, cation, and anion concentration changes of the water. Our results support the concept of high instability of Lake Fert6 and describe habitats with remarkable temporal and spatial variability. The high influence of water level on habitat conditions at different sites of the lake recommend a carefull water level regulation strategy.
Introduction
In spite of the increasing awareness on the importance of wetlands, they are among the most endangered ecosystems. Wetlands provide a variety of ecological and sociological values and functions at the ecosystem level, their functions include hydrologic and biogeochemical cycling, biological productivity, they serve as a wildlife and human habitat (including recreation) (MITscI4 & GOSSELINK 1986) . Many natural wetlands are characterised by significant water table changes including marked seasonal variations, which result in characteristic water level fluctuations. The water regime is of primary importance in wetlands.
Lake Fert6/Neusiedler See, the westernmost and largest steppe lake in Eurasia (47042 , N, 16o46 ' E, Fig. 1 ), was declared to be a biosphere reserve by UN-ESCO in 1977, and it was also put on the World Heritage list. It has a surface area of 309 km 2 (Hungarian part 75 kin2), with a mean depth of 1.1 m, 54% of the whole lake, 85% of the Hungarian part, is covered by reed (Phragmites australis CAr. TPdN. ex STEUD.) . There are numerous reedless areas (inner ponds) of variable size from 0.5 to 42 ha (MARKUS 1983) within the reed *Corresponding author: Mcqria Dinka, Hungarian Danube Research Station of the Hungarian Academy of Sciences, H-2163 V~cr~t6t, Hungary; e-mail: dm@botanika.hu belt. The lake has two small permanent tributaries, the RNcos and the Wulka stream, but its underground affluent is also remarkable (REmNGER 1990) . Lake Fert6 is an ecosystem with permanent, but extremely shallow water and regulated outflow. As a consequence of extreme shallowness, not only the shore is covered by reed, but large reed stands are also found in the open water areas. In the Hungarian part of the lake the reedbelt is enmeshed with max. 3 m wide canals connecting the inner lakes with the open water areas. This specific fragmentation of the lake supports high habitat diversity.
The water level in Lake Fert6 changes seasonally each year and can vary dramatically over longer periods (L(SFFLER 1979) .
At Lake Fert6 the influence of water level fluctuations on the physical and chemical conditions of reed habitats needs attention with respect to the growth conditions of the reed since the catchment area of the lake is small as compared to the lake surface, the water supply is unbalanced and the regulation of outflow can not balance the influence of rainwater.
The aim of our study was to investigate the influence of water level fluctuation on the chemical characteristics of the water and the habitat diversity at Lake Fert6.
Material and Methods

Sampling sites
Sampling sites were selected in the Hungarian part of Lake Fert6 (Fig. 1) . Four types of water bodies were in- vestigated to characterise the different habitats found between the terrestrial zone and the open water areas. One of them is the 2.5-3.0 m wide, 5.9 km long 'Bozi'-canal perpendicular to the shore (Fig. 4) , which crosses the whole reed belt (sampling sites B 1, B8 and B9). In the canal transect investigations from the terrestrial zone to the open water were carried out to determine spatial changes. Inner ponds, which are open water areas of different size situated in the reed belt at different distances from the shore (sampling sites 41,42, 44, 45 and 47) , belong to the second investigated water type. Sampling sites situated in the reed belt (sites 2, 3,4, 5, 6,7, 9) were the third habitat type, while open water areas (sites 11 and 20) were put into the fourth category. Sampling sites 2, 4, 5 and 9 are homogeneous, closed, healthy reed stands while the sampling sites 3, 6 and 7 are degraded, loose reed stands. Sampling site 4 was destroyed by harvesting mashines in 1994/95 winter (see detailed description of the sites in DINKA & SZEGLET 2001). Samples were collected from the water of the reed stands and also from the canals situated near the reed belts marked as 2c, 3c and 4c.
Methods of measurement
Temperature, electric conductivity (at in situ temperature), pH and redox potential of the surface water were measured on the spot with a Hydrolog 2100 field equipment. The Na +, K + , Ca 2+ , Mg 2+, NH4 +, CI-, NO2 , NO3-, PO43-, SO42-concentrations of the water were determined using a Dionex DX-120 Ion Chromatograph after filtering (Chromafil filter, pores: 0.2 ,urn). The CO32-and HCO3-concentrations were measured titrimetrically using the standard analytical methods (GOLTERMAN et al. 1978 ).
The hydrometeorological data were obtained from the Hydrometeorological Station, Fert6rfikos (see Fig. 1 ).
Data analysis and statistical methods
Water chemistry differences (cation and anion composition Na + , K +, Ca 2+ , Mg 2+, CI-, SO42-, C032-, HCO3-) between different sampling sites are illustrated on Maucha diagrams, which show the distribution of the major ions. The ion concentrations are expressed as milliequivalent proportions (%) of the total ion concentration.
Principal Component Analysis (PCA) was performed using the Statistica 6 programme package.
Sampling dates
Data obtained in summer (July) were used for the comparison of the sampling sites when a decrease was observed in the water level (compare Figs. 2 and 3) . sampling sites were not accessible. At some sampling sites the water level was below the sediment surface, making sampling impossible. Samples were collected on the following days:
--26 th July 1994: In the reed belt at sites 2, 3, 5, 6, 7, and 9; in the canals at sites 2c, 3c and 4c; in the Bozicanal at sites B1, B8 and B9; in the inner ponds at sites 41,42, 44, 45 and 47 ; in the open waters at sites 11 and 20.
-3 rd July 1996: In the reed belt at sites 2, 3, 5, 6, 7 and 9; in the Bozi-canal at sites B1, B8 and B9. In 1996 an extremely high water level was experienced. Long-term fluctuations are shown on the hydrograph (Fig. 2 ).
• Seasonal fluctuations As the snow melts in spring the runoff to the lake increases. Evaporation from the lake surface is the lowest in spring and early summer, when the air above the lake is warm and moist and the lake water is relatively cold. With more water entering the lake than leaving, the water level has a typical peak during spring and early summer months (Fig. 3) . The water level of the lake is generally at its lowest annual level when the air is warm and dry and the evaporation from the lake surface and the evapotranspiration of the reed belt are at maximum in the second part of the vegetation period (Fig. 3) .
Water chemistry
Three characteristic years were selected to present the effect of water level fluctuations on hydrochemistry: 1994 for average water level, 1996 for extremely high water level, 2002 for low water level (Fig. 2) .
Along the Bozi-canal ( For the presentation of spatial differences of water chemistry data from 1994 (when the water level was average) were chosen, but in the statistical analysis all water chemistry data from 1994, 1996 and 2002 were used. Water chemistry differences between inner ponds and the open water ( In inner ponds situated far from the shore (sites 41 and 42), near the open water areas Ca 2+, Mg 2+ and HCO3-were lower than in the inner pond (site 45) near the shore and Na +, C1-and SO42-increased as well as in the inner ponds (sites 44 and 47) which were isolated from open water in every direction. At sites 41 and 42 especially Na + showed a remarkable higher concentration.
At sites 11 and 20 (open water), a further increase in SO42-and a decrease in HCO 3 were observed as compared to the previous sites. The Ca 2+, Mg 2+, UCO 3-dominance of the water shifted towards Na +, Mg 2÷, SO42-with an increasing C1-content in the open water.
Electrical conductivity was lower in the inner ponds than in the open water. Differences in the chemical characteristics could be found within a short distance, e.g. electrical conductivity was higher in the inner ponds (e.g. in sites 41 and 44) than in the adjacent canal only approximately 500 meters away (Fig. 4) , which is obviously the result of isolation.
In the high water, in summer 1996, the electrical conductivity varied between 1650-1900 uS/cm independently of the season. In contrast, during the low water Limnologica (2004) 
Statistical evaluations
The statistical analysis of correlation between chemical characteristics of the water showed a high correlation for K +, Na +, Mg 2+ , and CI-, SO42-, HCO3-, pH and conductivity, respectively (Table 1) . Temperature as well as electrical conductivity showed a positive correlation with the majority of the investigated chemical parameters, except for PO4 3-, NO3-, Na + and Ca 2+ concentrations.
• Principal component analysis Data from 1996 (high water level year) and 2002 (low water level year) were compared to 1994 data (avarage water level year). In 1996 (Fig. 6 ) the chemical composition of the water fluctuated less than during the low water level period in 2002 (Fig. 7) , as compared to 1994 (Figs. 6 and 7) .
The main spatial environmental gradients revealed by principal component analysis were electrical conductivity, pH and its correlated variables.
• Reed belt In 1994, the electric conductivity, pH and C032-concentration showed a negative correlation with the first principal component and played an important role in the separation of site 9 (Fig. 6) , which is situated close to the open water area and is completely separated from the other sites. The second principal component showed a positive correlation with Ca 2+ and a negative correlation with SO42-, Na +, K +, PO43-and temperature, and resulted in the separation of healthy reed stands (sites 2 and 5). The separation of degraded reed stands (sites 3, 6 and 7), which were grouped together when the water level was lower, was determined by concentrations of NO3, PO43-, Mg 2+ and temperature (Fig. 6) .
In 1996 (under extremely high water level) the separation of sites was in correlation with the geographical distance betweeen the sites and not with the condition of the reed belt as in 1994: the first group (sites 9 and 7; see Fig.  6 ) is geographically close to each other and to the open water. The members of the second group (sites 6, 5 and 3) are also close to each other (Fig. 1) . The separation of sites 7 and 9 from the other sites was determined by the C1-, Ca 2+, HCO3-, K + and SO42-concentrations (Fig. 6 ).
• Inner ponds and the Bozi canal In 1994 (Fig. 7 ) sites 4c and 3c showed a negative correlation with the first principal component. The sites 3c and 4c, which are close to each other and far from the Bozi canal, were in close relationship. Those parts of the Bozi-canal that are situated far from the open water area (B8 and B9) were in another group.
The same sampling sites were more pronouncedly separated when the water level was lower (Fig. 7) . In 2002 the first principal component showed a strong negative correlation with electrical conductivity, pH value, temperature and concentrations of Na +, K +, Mg 2+, CI-, CO32-, HCO3-and SO42-. It can be interpreted as an axis indicating ionic strength (salinity) and showed relationship with more variables than the second principal component. The first group is represented by site 3c, which was characterised by its extremely shallow water level and the highest conductivity, pH values and ion concentrations; this site was sharply separated from the other sampling sites. The second group contained parts of the Bozi-canal situated far from the open water area (sites B8 and B9). The third group contained inner ponds (sites 41 and 44) and the fourth group comprised sites situated in the reed belt close to each other (sites 2c and 4c). 
Discussion
Lake Fert6 has never got a stable chemical composition, both seasonal and long-term variations are characteristic in it. The concentrations of some elements (e.g. Ca ~+) only change to a limited extent, while others (e.g. C1-, SO4 z-, Na +, K ÷, Mg ~+) are strongly influenced by the water level fluctuations, sediment-water interactions (DINKA 2001; SZAB0 & DIN~A 2002) and biological processes (ARMSTRONG et el. 1996a) . When the water level is high (1996, 1997) , the reed belts and the reedless ponds situated in the inner part of the lake are covered continuously and uniformly by water due to the morphometry of the lake. When the water level is low, the water surface is discontinuous, it does not cover the reed belt and the inner ponds become more isolated from the open water. Water level fluctuations usually occur over consecutive years. Continuously wet and cold years will cause in a water level increase. Likewise, a series of consecutive warm and dry years will cause a water level decrease.
In accordance with the Austrian-Hungarian Water Convention it is desirable to maintain the water level at 115.5 m above the Adriatic Sea level. In spite, however, recently it has been raised to 115.7 m a.s. level increases considerably above the 115.5 m level the sluice valve of the outflow weir is opened. This occurred many times in 1996 and 1997, preventing an increase of the concentration of ions and cations, electric conductivity and pH in these years, which was a characteristic feature of the lake when water levels decreased again (DTNKA 1993; DINKA & BERCZIK 1992) . This way in water chemistry differences in different habitats hardly developed, which was well reflected by the electrical conductivity changes of the water at the examined sampling sites in 1996 (except of sites B8 and B9). The water level of the lake was also lowered in winter 2000/2001 by opening the outflow weir and, what was even more important, this period was followed by dry years (2001 and 2002) with almost no precipitation. As a consequence, water level decreased to an extreme extent and remarkable seasonal and spatial differences were observed between different habitats in this period.
Comparing Inner ponds proved to be constantly different in their physical and chemical aspects, which also had effect on their fauna and flora (ANDRIKOVICS 1978 (ANDRIKOVICS , 1979 PADISAK 1983 PADISAK , 1993 BUCZK6 1989; RATn, 1990) . The observed chemical differences positively reflect the distance from the shore. A similar tendency of water chemistry was recorded by TAKATS (1984) and TAKATS et al. (1997) .
Some parameters (pH value and electrical conductivity) showed a continuous trend from the terrestrial zone to the open water of Lake Fert6 along the Bozi-canal, which is surrounded by an extremely wide, uniform reed belt. The pH varied seasonally with higher values in the second part of the vegetation period, and an increase in conductivity towards the open water was always characteristic.
A high correlation between temperature as well as electrical conductivity with the majority of the investigated chemical parameters was found, except for PO43-, NO3-, Na + and Ca 2+ concentrations. Chemical characteristics of the water showed a high correlation for K +, Na ÷, Mg 2+, and C1-, SO42-, HCO3-, pH and conductivity, respectively (Table 1) . Temperature as well as electrical conductivity showed a positive correlation with the majority of the investigated chemical parameters, except for PO43-, NO3-, Na ÷ and Ca 2+ concentrations.
Similar relationships among the geogenic variables (K ÷, Na +, Mg 2+) and conductivity, pH values, C1-and SO42-were observed by RIQUAL (2002) in the lakes of the French Massif Central.
Changes in the water table influence the hydrochemical characteristics of Lake FertG. The occurrence of anaerobic conditions (ARMSTRONG et al. 1996a,b; DINKA 2001) in the reed belt also depends on water depth, but at the deeper sites decrease in the water level helps the reed to expand. The high influence of water level on habitat conditions should be taken into the consideration in the future water level regulation strategy. The average water level of 115.65 m above the Adriatic See level should be ensured and seasonal changes in water level fluctuation based on agreement between the water and nature conservation authorities must be maintained.
